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Mechanisms of Radiation-Induced Cancer

BACKGROUND

Carcinogenesis is viewed as a multistep process in which two or more
intracellular events are required to transform a normal cell into a cancer
cell. The concept that carcinogenesis involves more than one step is derived
from three main lines of evidence: (1) the rate of mortality from cancer
increases as a power function of age, (2) a long latent period typically
intervenes between exposure to a known carcinogen and the appearance of
cancer, and (3) three distinct and separate stages have been identified in
experimental carcinogenesis: initiation, promotion, and progression.

The fact that the cumulative incidence of cancer increases approx-
imately as the seventh power of age during adult life prompted early
investigators to postulate the existence of seven successive events, or steps,
in the conversion of a normal cell into a cancer cell; these events were
thought to involve mutational changes in the broadest sense (Ar54). This
concept failed to recognize, however, the high rates of somatic mutation
that such a seven-stage model would require, the dynamic state of the target
cells, and the peculiar age distributions typical for the cancers occurring
during childhood. If the kinetics of target cells and the possible growth ad-
vantage of preneoplastic cells are taken into account, the age distributions
of pediatric and adult cancers can be explained in terms of just two rate-
limiting mutational steps (e.g., see Mo81), although other events that might
be associated with tumor progression or tumor metastasis are not excluded.
In a tumor that has grown to a population of 106 cells, even events that
occur only rarely in each cell division can be expected to occur with a high